Background: Hepatitis B virus (HBV) infection is an important health concern worldwide, with critical outcomes. Hepatitis B e antigen (HBeAg) negative chronic hepatitis B is frequently caused by a mutation (G1896A) in the hepatitis B virus (HBV) precore (PC) reading frame, which creates a stop codon, causing premature termination of the HBe protein.
Background
Hepatitis B Virus (HBV) infection is an important health concern worldwide, with critical outcomes (1) . It is a well-known agent of acute and chronic hepatitis, liver cirrhosis and hepatocellular carcinoma. Chronic HBV infection, defined by the persistence of the surface antigen (HBsAg) in the serum for longer than six months, may lead to a wide spectrum of liver disease (2) . Hepatitis B e antigen (HBeAg) is considered a marker for viral replication, whereas the presence of anti-HBe antibodies often indicates a low level of viral replication. In the natural course of chronic HBV infection, the loss of HBeAg expression and the appearance of antibodies directed against it (Anti-HBe) are usually accompanied by cessation of viral replication. However, such a serology profile may also be seen in individuals who harbor precore (PC) and basal core promoter (BCP) mutants, where replicative infection continues.
The most common of these mutations is a guanine (G) to adenine (A) substitution at nucleotide1896, which prevents the production of HBeAg by introducing a premature stop codon into the open reading frame (ORF) of the PC. Mutations in the PC region of the HBV genome have been reported in multiple HBeAg-negative patients with chronic HBV infection. The predominant mutation involves a GtoA change at nucleotide1896 (A1896), which creates a premature stop codon at codon 28. This mutation prevents the translation of the HBeAg and completely abolishes the production of HBeAg (3). Besides the A1896 mutation, a number of point mutations leading to initiation failure or premature termination, as well as deletions and insertions of nucleotides inducing frame shifts, have been detected in the precore region (2) .
Precore mutants are more common among patients with genotype D (65-75%) than genotype A (9-18%)(4). However, this mutation is located within the epsilon (ε) structure, a highly conserved stem-loop essential for the initiation of encapsidation within the viral replication cycle. In order to stabilize the ε structure, the nucleotide at position 1896 is paired with the nucleotide at position 1858, which naturally is a thymidine (T) in genotypes B, D, E, and G and a cytosine (C) in genotype A (5). Infection with the precore A1896 mutant virus is often accompanied by the presence of mutations in the core region. Novel core variants may emerge de novo during the course of the disease, or may circulate as a mixture of quasi species. Since the core protein is a known target of B-and T-cell responses, the altered core antigenicity may help the virus to escape immune recognition and lead to virus persistence (6) . Iran is considered as a country with low endemicity of chronic HBV infection (7). Our previous study in Golestan province showed a higher prevalence of HBV infection and HBV S gene mutation compared to other parts of Iran (8, 9).
Objectives
In this study, the G1896A precore mutation and its effect on HBeAg detection were investigated in chronic HBV patients, using polymerase chain reaction (PCR) and subsequent sequencing method, rather than the restriction fragment length polymorphism (RFLP), because of improving the sensitivity of the detection.
Patients and Methods

Sample Selection
One hundred and twenty patients with proved chronic HBV infection, according to clinical and paraclinical evidence, with HBsAg testing positive for more than 6 months, who have been referred by specialists for HBV infection diagnosis and viral load test to virology diagnostic laboratory of Golestan University of Medical Sciences, Gorgan, Iran, were entered in this study. None of the patients were vaccinated for HBV or had benefited from immunoglobulin therapy. All patients had negative results for antibodies against hepatitis C, hepatitis D and Human Immunodeficiency Virus (HIV). Blood samples were collected on 5% EDTA anticoagulant and plasma was separated for further examination.
Hepatitis B Virus Infection Marker Detection
The HBV serological markers (HBsAg and HBeAg) were tested using commercially available enzyme-linked immune sorbent assay (ELISA) kits (DialabGmbH, Wiener Neudorf, Austria).
DNA Extraction
The HBV-DNA was extracted from 200 μL of each plasma sample, using QIAamp DNA Mini Kit (Qiagen, Hamburg, Germany) following the manufacturer's instruction and extracted DNA was stored at -20ºC for the PCR process.
Primer Selection
Suitable primers were selected to achieve optimum PCR sensitivity and the PC region amplification. The following primers yielded 390 bp amplification in accordance to nucleotide position 1689 to 2078 (10 
Polymerase Chain Reaction and DNA Amplification
The amplification mixture contained 100ng of extracted DNA, 1 × PCR buffer, 1.5 mM MgCl 2 , 0.2 mM dNTP, 2.5 U Taq DNA polymerase (Qiagen, Hamburg, Germany) and 0.4 pmol/μL of each primer, in a total volume of 50 μL, with distilled water. The PCR profile was an initial 5 min denaturation at 95ºC, followed by 30 cycles of amplification, including denaturation for 1 minute at 95ºC, primer annealing for 1 minute at 55ºC and extension for 2 minutes at 72ºC, with a final extension at 72ºC for 5 minutes. The 390 bp amplification products were analyzed by gel electrophoresis on 1% agarose gel stained with ethidium bromide to determine HBV-DNA positive and negative samples.
DNA Sequencing and Mutation Analysis
The positive PCR products were sent to Macrogen Inc., Seoul, Korea, for automated sequencing. Then nucleotide sequences were aligned with the standard hepatitis B sequence [Accession number: AB033559] from the GeneBank database, for mutation detection and analysis (11).
Results
The mean age of the patients was 36.8 ± 11.5 years and 74% of them were male. All of them were HBsAg positive and 100 out of 120 (83.3%) patients were HBeAg negative. Sex and age specific prevalence of G1896A mutants showed no significant difference between sexes and ages. All isolates belonged to genotype D, subgenotype D 1 , subtype ayw 2 , according to our previous study (9) . The comparison of our nucleotide sequences with the reference sequence showed an overall high rate of mutation, and only 0.8% of patients had no mutations in the PC region. Frame shift mutation was found in eight patients (6.6%) in the PC region.
Point Mutation at Nucleotide 1896 of the Precore Region
The Alignment of Sequenced Samples of Patients with Reference Sequence Using the CLUSTALW Program has been shown in Table. 1. Among the 78 point mutations in the PC region, 26 (33.3%) occurred as silent mutations and 52 (66.7%) as missense mutations. Substitutions at position G1896A were seen in 44 (36.66%), leading to the creation of stop codon in the 28th amino acid of the PC region in 39 (32.50%) of these patients.
Hepatitis B e Antigen Positivity and Basal Core Promoter and Precore Mutations
Our results showed that G1896A was detected as the most prevalent mutation in 44 patients, out of which 41 (93.18%) were HBeAg negative. One of the samples with G1896A mutation was registered in NCBI under the accession number: KC928094.
Discussion
Hepatitis B virus continues to be one of the most important viral pathogens in humans. Previous studies have indicated that Iran is considered as an intermediate endemic area of HBV infection (12) . The clinical relevance of the G1896A PC mutation in chronic hepatitis B (CHB) is still poorly understood. The G1896A mutation in the PC region has been found to be the most common mutation in chronic HBeAg-negative patients (13) . This mutation creates a stop codon that prevents translation of the PC reading frame and terminates the production of HBeAg. However, these patients present constant replication at sufficient levels to continuously damage liver and can progress toward cirrhosis (14) . The median prevalence of the 1896 PC mutation in HBeAg-negative adults was reported to be 50% in Asia, 92% in the Mediterranean, and 24% in USA (15) .
The frequency of the 1896 PC mutation varies geographically and depends primarily on the genotype of HBV (16, 17) . In this study, we did not compare the relationship among different genotypes of HBV and the clinical outcome of liver disease, because all of the patients were infected with genotype D. In agreement with our results, a study from Brazil showed that the G1896A PC mutation occurred in 36% of Brazilian patients with CHB, of which 58.6% were HBeAgnegative (18) . A higher rate (95.3%) of the G1896A mutation was also reported in the HBeAg-negative group (19). Triki et al. (20) studied HBeAg-positive and HBeAg-negative Tunisian patients and evidenced the PC stop codon mutation in 86% of them, a result similar to ours (92.4%). In relation to the status of HBeAg, the results of Ayed et al. (21) on chronic HBV patients in Tunisia found that a PC stop codon was more commonly found in HBeAg-negative patients with genotype D compared with HBeAg-positive patients (94.5% vs. 87.8%, respectively). These results were in agreement with published data in the Mediterranean area (19, (22) (23) (24) (25) (26) (27) .
In Spain, where genotypes A and D are predominant, PC mutants were detected in 65.3% of HBeAg-negative patients (28) . Conversely, a study from China (29) , where genotypes B and C are predominant, revealed a high prevalence of A1896 mutant. The e antigen is an important target for cell-mediated and antibody-mediated immune responses, and the loss of e antigen production by PC mutants may help the virus to evade the host immune response (30) . Therefore, the occurrence of the PC mutation seems to be a strategy of viral selection secondary to the immunological pressure against HBV (16) . In contrast with our results, the study from Sweden determined that none of the six genotype D isolates showed the PC stop codon mutation at nucleotide 1896 during the follow-up of 17 months after anti-HBe seroconversion (31) .
Besides the fact that they are evident in studies performed in different geographical regions, these discrepancies are also observable also when carried out in a single country with isolates belonging to different genotypes (21, 28) . In another study, in agreement with our report, was undertaken in Spain, where genotypes A and D are predominant, PC mutants were detected in 65.3% of HBeAgnegative patients (32) . This study indicates that the rate of G1896A mutation at the PC region among HBeAg-negative patients in the Golestan province of Iran was similar to the average rate of other parts of Iran. The PC stop codon mutation was detected in 93.18% of HBeAg-negative patients. Further studies, including epidemiological investigations, with larger sample sizes are necessary to elucidate the exact role of these mutations in the clinical and epidemiological course of chronic HBV infection. 
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